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th.uaioi and arperimantal studies have been nafle of
Results of these studien . tIr he sysato is feasible.Recommadations ar presented for the further developmen~t of thisWeapon system.



2.1 Air rorre R•rauprnAts in Iftrkina aijM•aci

What is required iL an advanced concept for airborne deliv-
ery and application of marking chemicals that will provide a means
for marking enemy personnel so they can be distinguished from
friendly individuals. It in also desired to track marked enemy
personnel. It is assued that both friendly and enemy groups
may be living in the same area.

.The system shall be:

1. Compatible with tactical. and support aircraft both
present and programed.

2. Sufficiently versatile to permit delivery of the
marking chemical and subsequent identification of the target at
high and low altitudes and within the speed range of the deliv-
cry vehicle.

3. Applicable at long ranges from high speed aircraft.

4. Capable of utilizing a marking agent having a minimum
effective life of ton days and a useable lifetime of thirty days.

5. Suitable for tracking as well as for identification
of personnel.

6. Capable of utilizing a marking agent which is not harm-
ful or toxic to the individuals marked.

7. Lmperceptible to the individuals marked.

2.2 Yhe I-,,rt /arking and Detcion av

The basic concepts of the Xsomet system comprise marking
individuals with a phosphor which can be excited by the dizected
illumination of a laser device contained in an aircraft. The
radiation emitted by the laser as well as the return light signal
from the phosphor are bqh in the infrared or ultraviolet region
of the spectrum and hence invisible to the naked eye.

2i



SECVET
The ltomet concept is a double marking technique. Each

individual in a village is covertly marked with a phosphor which.
is characteristic for thi vIllage and indicates his origin. This
mazking will be ref'.•ed to as 'sector" marking. An individual
seen visually from the air can be marked with a chemical agent by
a di semination device or munition from the aircraft. If the in-
dividual already has sector marking, the detection equipment in
the'aircraft will automatically locate him and indicate his posi-
tion on a read-out device. He' then can be marked again with a
different phosphor emitting at another wavelength. A sector mar-
ked individual would thus receive an additional "point" marking
and would the:.fore be doubly marked., An individual who is not
aector marked would receive only a point marking. The 8PM system
offer.s the following advantages:

I. People living in countries such as Vietnam normally
do not move far from their villages during their usual living
routine. It is, therefore, reasonable to expect that A sector
marked individual seen a great distance from his village is en-
gaged in an unusual activity and is hence suspect. The charac-
teristic emission of the sector marking agent innediately ,indi-
cates his origin.

2. A close range covert observation station in each vill-
age can be used to ascertain whether individuals from another
village, already marked in their village, have entered. Thus the
sector =arking enables local surveillance of the population for
infiltration elaments.

3. Sector marking can be applied under more controlled
conditions than point marking and can, therefore, be made more
adherent and longer lasting.

4. Emission from sector marking is in general more desir-
able in the part of the spectrum invisible to the naked eye but
easily detectable by ultraviolet or infrared detectors. This en-
ables sensitive detection of sector marked individuals from the
air by automatic equipment, and does not require visual observa-
tion by the pilot.

S. A doubly marked individual does not need to be tracked,
but can be at once identifi axing through a check-point,



SECUT
ince his village or origin La known and the point arking indi-

cates that he has boon in an area remote from his village.

,2.2De riotion

The mirking agent is a phosphor, preferably of one of the
following types: infrared excited and infrared emitting; ultra-
violet excited and ultraviolet emittingi or Oitzaviolet excited
and infrared emitting. A phosphor of any of these types would
not be visible to the individual marked, nor would the exciting
source used for detection be visible.

The exciting source consists of a short-duration high
peak powr output laser pulse of a wavelength suitable for excite-
tion of the phosphor. As shown in Figure 1, the aircraft at an
altitude, I, emits a laser pulse having a radiation pattern of
angular width, 4, in the direction perpendicular to the line of
flight and, 0, in the direction parallel to the line of flight.
An emitting source wthin the field of view is excited by the
laser source and re-emits a characteristic radiation. The detec-
tion optics, in the aircraft, has the same field of view as the
laser source. It collects the signal and transfers it to the
detection and correlation electronics. The latter produces a
read-uut which indicates the location of the individual who can
then be point marked.

SECRET'
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2. ,,3¶,N ANAL yIII

The weapons system consists of three basic units: the
trauditter, the phosphor sample and the optical receiver. This
analysis in a derivation of the relationships for each rubsystes
and for the overall system.

The results of the analysis are expressed in terms of
the maximum operating range and the maximum aircraft velocity to
altitude ratio (V/2) at which the system can be operated.

1i.1 Gaenral 12/2) Analval

The receiver will be a photometer capable cf responding
to the emission spectrum and only the emission spectrum of the
tested phosphre. The photometer tima constant, 7, will be deter-
mined by the detector circuitry. The field of view of the receiver
optics will be determined by the radiation pattern of the. trans-
at' ter.

The invisible radiation emitted by the phosphor incident
on the clear optical aperture of the photometer is the signal
power. If the total phosphor area, Ap, in the field of view hae
a detectable brightness, Np, then the signal level, 3, will bet

432 (watts)

Where i - Range
ani Do - clear aperture of the photometer.

The phosphor area has been illuminated by the transmitter
source which uniformly radiates its output power over a rectangular
field of dimension OR by 01. The surface brightness Np, after con-
version in the phosphor with an efficiency K1 will be,

(2 IpaXl(P-P)
(2) I, - ~(~~) (watts/cu. 2 )

where F.P - excitation energy (watts)
Substituting equation (2) into equation (1) will yield,

SEC'MF
6

S• i,, + . -. . .. i



mI

SECRfI
(3) - X1 (P.P)D2 AP40 •4ý (wtrts)

Squation 3 gives the signal power detected by the photo-
meter.

3.1.2 Noise Level

Xt is assumed that the system can be made detector noise
limited with present state of the art techniques. Therefore for
this analysis detector noise is assumed to be the limiting factor
in the photometer. The electrical noise output of the detector
can be converted by its res.onsivity to an equivalent noise, input
power, commonly called the noise equivalea: power, NIP. Since the
optical system is for all intensive purposes lossless, the detector
NR will be equal to the noise equivalent power at the photometer
entrance aperture.

the REP of a circular detector is determined by' the de-
tector sige, the time constant of the detector preamplifier
assembly, -, and a c€._-tsnt for the detector material, the detecti-
vity (D*). The, relationship for REP is,

(4) "- D (watts)

The minimum detector diameter, Dd, is determined by the photo-
meter optics, a layout of which is shown in Figure 2.

This, analytic*! photometer consists of an objective lens,
a field lens and a det6.tor. The objective lens forms an image
in the plane of the field lens of all objects in the field of
view. The field lens is designed to image the objective lens
onto the detector surface. Since the objective surface is illu-
minated uniformly, its image will also be uniform. The minimum
detector &maeter, Dd, is the diameter of the image of tne entrance
pupil, Do , and is

(5) Dd- Do Do L

where ff a focal length of field lens
fo " focal length of objective lens

SECRET
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If the detector is smaller, there will be a reduction of signal
level, since the entire clear aperture is not used.

The maximum angular width of the field of view, (P

determines the diameter of the field lens Df,

(6) Df a 2fotan (@//2)

To simplify equation 6, we may use the fact that the tan-
gent of a small angle can be approximated by the angle (expressed
in radians). Since the field of view in a practical situation
will be less' than a degree wide, the approximation holds and,

(7) Df a fo4

Multiplying equation (5) by Df/D - 1 yields

(8) Dd, Do g z
Df fo

Using equation (7) and the fact that ff/Dfis the f-number
for the field lens (f*) the minimum detector diameter is found to
beo

(9) Dd - Dof* V

The noise equivalent po-0er can now be expressed as a
function of system parameters by substitu+-n7 equation (9) into
equation (4) with the result,

(10) 31 - Dof* V/ (watts)

2 V'2DefF

where Of is related to 0 and J .by the trigometric equation for the
diagonal of a rectanqle,

(11) ( 0 [e 2 + 02 1/2

3.1.3 Spurious backaround Signals

Spurious background signals can be generated by background
brightness due to solar illumination and by background fluores-

cence in response to the transmitter illumination. The power

SECR"ET
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incident on the photometer aperture due to solar radiation, NooLar,
can be represented by,

(12) 3olar D ~o2• • (NZBD) d%

where IZBPD is the noise equivalent background power density for

the system bandwidth, per unit wavelength and unit area on the

ground. The noise equivalent p--%er due to a re-e•ussion with

efficiency, K2, by the background after stimulation by thu system

radiation source, will be of the same form as that for "Qho signal

power.

If the area of the background phosphor is equated to

some portion, OC, of the entire field of view, equation (3)

becomes,

(13) Nback " (K.P)DO2 O (watts)

The total effective noise, NT, in the field is equal to

the square root of the sum of the square of all three independent

random noise sources and is found by combining equations 10, 12,

and 13 such that,
1/2

(14) XT ((NI)2 + (goolar) 2 ,+*back)21

The largest and the only significant noise source anti-

cipated for the system will be the detector. The range and the

signal to noise ratio will therefore be determined in this text

by using the noise equivalent power from the detector as given

in equation (10). The spurious background levels, if observable,
will be measured during the feasibility tests.

3.1.4 System Sional to NoiLsLatto

The system will detect a signal, S, with a signal to

noise ratio, 5/2, determined by taking the ratio of equations
(3) and (10), and substituting (11), yielding the general rela-

to.ip(15) S/O - K(P.P) D*(--r 1/2

S1/2

(15)



fo 3 quation (15) is vali aslon an the numbers substitutod
beyorndh system parameters 5 ldoo agenerate requirements that are

beynd hestatea-of-the-art.

3.2 V&~Lmtain

The weapons system mush check all areas in its search path
for marked objects. The forward-groun~d dimension of the beam is
the product of the forward system Angle, 0, and the altitude, N.
The time bot-Ween laser pulses, t, is the time between instants
of terrain interrogation. If this time inverval is made too
long, there will be a section of terrain which cannot biý examined.
The angle. the altitude, speed and time interval are related by
the average number of times, M, that each area in a search swath
is checked as,

Vt

When N4 is greater than one, all areas in a swath are
covered at least once. Rearranging terms and letting M4 w 1,
the maximum value of (V/11) may be derived as

(16), (V/1)max, ~ (el
t

bote that once the forward radiation angle and the time
between pulses are met, the maximum value of WE~ lie determined
independent of other system parameters.

Th. prototype shall be operable as long as the signal
to noise ratio, 8/2, is as high as required for reliable detec-
tion. In section 3.1.4, a relationship between 2/5 and rang*
was established, equation 15. Trensposing terms and solving for
range gives the maximum range, aXMX

(17) Roax * JPPD~D 1/2

Equation 17 shows that the system ceiling, D. is a
function of the fourth root of most vyst&m constants and of the
eighth rnot of the overall system time constant. This is most
mignificant in that if any one system Parameter is degraded by

*~SECRE Tr
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as much as a factor of sixteen, the ceiling is reduced by only a
factor of two. This type of system is most dependable.

The width of the search swath of terrain, W, will be a
function only of the angular beam width, E, and the ranqe, R, in
that,

(18) W -R

The maximum range and the width of the search swath shall
be determined by the w.eapons system parameters.

.4 Phos•hor Analyhis

3.4.1I System Reoulramanfs

The following characteristics of a phosphor marking agent
a:e desirable:

1. Non-visible excitation and emission.
2. Strong absorption for presently known laser

emission wavelengths.
3. Absorption and emission peaks within windows

in the atmosphere.
4. Short decay constant ( 10-6 sec.)
5. High radiant efficiency (watts emitted light out/

watts laser radiation in).
6. Stability to water and the atmosphere.
7. mon-toxic .to humans.

8. Neutral or non-obtrusive color.
9. Inexpensive.

1.4.2 choice of Uritaf~ion and Lulamion 3neetzru.[

Since it is desired that the Parking and detection system
be covert, the excitation source and the phosphor emission should
be in the ultraviolet or the infrared. There are, therefore, but
three basic phosphor types to be considered: ultraviolet excited
and ultraviolet emitting; ultraviolet excited and infrared emitting;
and infrared excited and infrared emitLing.

The ultraviolet excited phosphors require an ultraviolet
laser. The only high intensity ultraviolet laser now available is

SEC[ET
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one that depends upon second harmcnic generation. A second har-
monic of a ruby laser would yield a 3472A source, which is satis-•
factory for exciting many phosphors. Frequency doubling, however,
entails a considerable lose of energy. The highest reported effi-
ciency of conversion of ruby being of the ordar of 20%.

On the other hand CaW0 4 (Nd3 +) and neodymi-% doped glass
are more efficient lasers than ruby and if umed di-ectly as infra-
red &Q.rces eliminate the energy loss that must be taken if the
ruby wavelength is doubled. It is, therefore, highly desirable
to use ZR-IR phosphors from an energy requirements point of view.

Consider the case of a phosphor that ii excited by 3500A
radiation, and emits 8000A light with u quantum efficiency of 100%.
The 8000A wavelength is chosen because it lies just outside the
long wavelength edge of the spectrum visible to the eye. The
energy of an emitted SOOQA photon it only 44% that of an incident
3500A photon, so that the highest possible radiant efficiency
can only be 44%. If the exciting wavelength is 2500A the maximum
radiant efficiency drops to 30%. However, if a phosphor is excited
by 1.06 micron radiation and emits at 1.2 microns the maximum
radiant efficiency is 88%. The IR-IR system has an important po-
te.itial advantage, therefore, from a radiant efficiency standpoint.

Since the transmitter and receiver are airborne, the exci-
tation and emission wavelengths should fall within windows in the
atmosphere. Figure 3 showe the transmission of the atmosphere
from the visible to 14 microns in the infrared. The neodymium
laser wavelength of 1.06 microns is *.e*n to be satirfactory.
Phosphor emission at wavelengths from 1.1 to 1.3 microns, from 1.5
to 1.75 microns, from 2.1 to 2.5 micrcas and from 3.0 to 4.1 mi-
crons will have good atmosphoere transmission.

2.43 State-of-the-Art of Infrared Emitt-ina Phosphors

A .4.3.1 Introduction

Most of the phosphor research in the past has been direc-
ted towards producing visible light, since this spectral region
has the greatest practical interest. The literature on infrared
emitting pwosphors, in general, is very sparse, and negligible on
infrared emitting phosphors excited by infrared radiation. A
careful search of the literature failed to produce a single refer-
ence that treated the case emitting phosphor exci-

14
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ted by a narrow bandwidth infrared source, such as would be pro-
duced by a neodymium laser.

According to Buillot and Guintine(I) pzior to 1950 only
two articles appear in the literature on infrared emitting phos-
phors. One article by pauli(2) mentions that SrS(Ni) and CaS(Ni)
emit in the infrared. The next article appeared in 1946 and
mentioned Cu20 as an infrured emitter. Very little is mentioned
in the stadard phosphor texts on infrared emitting phosphors.
Leverenz(3i seems to ignorp infrared emiszicn evcn whan it is
evident such as in red emitting phosphors that peak in the infra-
red& Kroger(4) considers infrared emission but at the time his
book was published there was very little in the literature to
report.

Less than twelve articles published since 1950 have been
found that discuss infrared phosphors. Two review articles by
G.F.J. Garlick(5,6), one in 1954 and the other in 1958, treat
.nfrared phosphors. The latest article on infrared phoaphorp
by Bril( 7 1 appeared in 1962.

The infrared phosphors found in the literature were mainly
limited to divalent ion crystals. In fact, most of the pnosphors
reported contained Zn, Cd or Hg combined with 5, Se or To, forming
the following series:

ZnS ZnSe ZnTe
CdS CdSe CdTe
agS HgSe HgTe

1. a. Guillot and P. Guintini, Aced. Sci.-Paris 2=,:802 (1953)
2. W. R. Pauli; Ann. Phys [4th Series] U, 750 (1911)
3. H. W. Leverens, "An Introduction to Luminescence in SolidsO

(John Wiley & Sons, Inc., New York, 1950).
4. F. A. Kroger "Some Aspects of the Luminescence of Solids*

(Eleevier Pub. Co., New York, 1948).
5. G. F. J. Garlick and R. A. Fatehally "Solid State Physics in

Electronics and Telecommunications" (Academic Press, London,
1960) Vol. 4, Part 2, p. 741-50.

6. G. F. J. Garlick and M. J. Dumbleton, Proc. Phys. Soc. (London)
WA8, 442 (1954).

7.ý H. P. Kallmann and G. Spruch, "Luminescence of Organic and In-
organic Matrials"(JohWle & Sons, Inc. New York, 1962)p. 479

15
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The only phosphors reported uere ZnO, Cu 2 0 and PbS(56'8),

also the halogens at temperatures below 1800° and SrB(Ni) and CaS
(Ni) which have already been mentioned above.

1.4.3.2 The 1I-VI Phosphors

The chalcogeni~es o#_lnCd and Hg when pure or activated
with Cu, Ag or Au give?' 'ii certain characteristic emission
peaks in their luminescent spectra. The series of peaks of each
compound is similar to that of the other ones and the peaks move
to longer wavelength with increasing weight of the lattice atoms.

ZnS has two well known emission peaks in the visible region
- the blue peak at 460 microns and tha green peak at 535 microns.
The corresponding peaks for a number of other members of the series
lie in the infrared (0.8 and 1.0 microns for CdS, 0.92 and 1.2 mi-
crons for Cd~e). ZnS when prepared in a certain way gives a red
emission at 0.67 microns. Browne correlates the obeerved 9g8
emission at 2 microns to this red ZnS emission. Browne has also
found that ZnS has amission peaks in the infrared region at 1.48
microns and 1.70 microns and that the corresponding CdS peaks are
at l.63 microns and 1.85 microns. He concludes that the blue,
green and the infrared emission of ZnS and the corresponding CdS
emission arise from one type of fluorescent center; namely a
cation vacancy in the crystal lattice that may be empty or may
contain a monovalent ion such as Cu, Ag or Au. The emission is
characteristic of the lattice anions (B) and not of the activators.
He also concludes that the red ZnS emission is due to an anion
vacancy.

Browne's studies of ZnB and CdS showed that the anion co-
activators (Cl) have a large effect on the efficiency and tempera-
ture dependence of the emissions. He divided the phosphors into
twn classesz (1) those phosphors that can be stimulated by infra-
red only, and (2) those that need both ultraviolet and infrared
stimulation. Some Class 1 phosphors also have their emission en-
hanced by ultraviolet stimulation. The infrared emission of the
Class 2 phosphors that were studied is rather poor at room temper-
ature (estimated to be 10% or less of the quantum yield at low

8. P. 1. Browne, J. Electronics 2, 95 (1956).
9. Ibid, 2, 1 (1956)
10. mibd, 2, 154 (1956)
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temperatures). However, the Class I phosphors that show no ultra-
violet stimulation show much better emission at room temperature
(as high as 80% of low temperature emission). These phosphors
give very little visible emission and are characterised by being
relatively froe of coactivator (Cl) and have very little activator.
Browne has also shown that heating the ZnS and CdS phosphors in dif-
ferent atmospheres can very strongly affect their emission properties.

3.4.3.3 Vanadium-and Cobalt Activators, Indium as a Co-
acrivator

Brill, Avinor and coworkers(1,11-14) have also carried out
recent work on CdS and CdSe activated with Cu, Ag, and Au and co.-
activated with In, a group I1-A element. They stimulated infra-
red emissinn with ultraviolet and visible light fromea high pressure
mercury lamp. Coactivation ws found to increase the efficiency of
emission, and implied that this increase can be obtained in varying
degrees with other trivalent ions (IzX-A element* such as 3, Go, In,
Tl, Al).

This group also studies vanadium doped CdS, CdSe, ZnS, and
ZnSe, containing Cu, Ag or Au and found that the vanadium quenched
the usual emissions but produced an emission peak at about 2.0 mi-
crone. These phosphors showed excitation peaks at 0.715aLqrons and
1.0 microns and art thus infrared stimulable. Garlick S1, reported
that cobalt doped ZnS shows only infrared emission at 3.3 microns.

3.4.-.4 Luminegcence Mechanisms

If we consider the simple energy band model shown in Fig-
ure 4 it is seen that the following types of radiative electronic
transitions can exist following excitation:

1. Transitions within the emission center.
2. Transitions from the conduction band to empty center.

11. M. Avinor and 0. Meijer, J. Chem. Phys. U.,1456 (1960).
12. U. J. Schulz, Phys. Stat. Sol. 3,485 (196?).
13. N. Avinor and G. Noijer, J, Phys. Chem. Solids J1,211 (1960).
14. G. Meijer and N. Avinor, Philips Res. Repts. 1&,2215 (1960).
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3. Transitions from emission center to empty states or

pnottive hole in the valence band.
4. Transitions into or confined to electron trapping

states.

It is quite difficult in any phosphor to assign the proper
transition or to define the exact nature of the emitting centers.
Let us consider a few of the infrared phosphors that have been
studied.

In addition to the well-known visible emissiot of zinc
sulfide and the corresponding near infrared emission of cadmium
sulfide, additional bands in the infrared have been found for these
phosphors. The excitation spectra for these bands coincide with
the quenching spectra of the Visible (ES) or near visible (CdS)
emission of the phosphors. This fact, along with other spectral
data, indicate rather conclusively that these infrared bandn are
associated with transitions between the ground states of the nor-
mal emission centers and between these and the valence bands.
The emission centers 'giving the blue and green bands of ZnS, or
the corresponding bands in CdB (0.74 and 1.0 microns) are almost
certainly due to electrons in or around cation vacancies in the
crystal lattice. The levels of the center are due to the perturbed
levels of the covalent bands of the surrounding sulfur atom which
originally lay in the valence band.

14.4,2,S Coneiusons

A careful search of the technics lliterature revealed that
there is a dearth of information on infrared emitting phosphors.
Some recent work is provided a small list of promising materials
to be investigated. This list can be used as a guide to the prep-
aration of infrared stimulable and infrared emitting phosphors.
The following factors must be considered in the preparation of ex-
perimental phosphors: purity of starting materials, flux, tempera-
ture of preparation, firing atmosphere, particle size, type and
concentration of activator and coactivator. The experimental work
must be very careful since small changes in any of the above fac-
tors can produce dzsstic effects on the luminescence.

some phosphor systems briefly mentioned in the literat•ure
but not studied, offer some promise and should be investigated.

SECrE I
/2



I

SECRET
4. RVXER212NTAL PGRA"X

The previous section has shown that if certain requirements
are satisfied by the light source (transmitter), the target (phos-
phor) and the photometer (receiver), the system is a feasible on*.

This section describes the experimental effort which has
been made to determine the values of the subsystem parameters.
The experimental data show that the performance required of the
subsystems can be achieved.

The requirements of the laser excitation source are high
peak power, high pulse repetition rate, minimum input power and
minimum size and weight. 'It is, therefore, mandatory that the
laier system be as efficient as possible: this will reduce input
power, minimize cooling, reduce weight and permit high repetition
rates. The following sections describe the qualitative and quan-
titative effort to obtain reliable state of the art data on effi-
ciency. This work has also provided guidelines for significant
improvements in efficiency.

4.1.1 axperimental Arrangement for Obtaining Threshold and
Pnern y Data

Threshold energy was measured by sampling the laser boan
with a photomultiplier whose output was observed by a Tektronix
555 oscilloscope and photographed. Threshold wes taken as that
energy level for which a single pulse of laser light wes detect-
able. The photomultiplier was shielded from the lamp iight by
use of suitable filters. Fot ruby a No. 92 filter and the
necessary neutral density filters were used. ror Wd doped glass
and CaW 4 a silicon filter wee used.

Energy measurements were made by firing the laser bean
into a calorimeter. Figure 5 is a photograph of the experimental
set up. This calorimeter consists of two graphite cups each
coated with finely divided carbon. Thermistor beads are located
on the outside of the cup to measure the temperature rise due to
absorption of the laser beam entering one cup; the other cup
rerves as dummy in the standard thermistor bridge circuit and
cancels out fluctuations due to ambient temperature. The output
is fed into a d.c. amplifier9P!.Lorder. The cups are cali-
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brated by putting a pulse of known energy through the platinum
heating wires wrapped around the cups. The circuit diagram is
shown in Figure 6.

4.1.2 FT-524 HMalial ash Tube Cavity

Z',itial measurements were made with a helical flash tube
surrounded by a cylindrical reflector. The arrangement .consists
of an FT-524 helical flash tube, and a reflector of lightly pac'ked
c.p. grade magnesium oxide between an aluminum outer shell and the
fused quartz cylinder surrounding the flash tube.

4-1.3 Threshold and Eneray Data Obtained with the 1T-224

Threshold data taken by the method described in Section
4.1.1 are given in Table 1 for Nd doivd CaWs 4 . Table 2 gives data
for od d5oped glass, and table 3, gives the results for ruby.. The
CaIO4 (Xd3+) crystals were grown at Zsomet, while the 3d glass and
ruby rods were obtained from outside vendors. All of the rods were.
ground, polished and coated at Xsomet.

4.i,4 Analvsis of Data Obtained wit] * FT-624

From the data given in Table X for Nd3 + doped calcium tung-
otate we can compute a mean lasing threshold of 16.5 Joules. The
mean value of the threshold given in Table 2 for 3d doped glass is
455 joules, and the mean value of the threshold given for ruby in
Table 3 is 1169 joules.

The results of energy measurements are plotted in Figure 7.
The compu ed pumping e*ia..±.ncy is .02% for ruby and .19% for
'oS.4 (Ndl'), The pumpin.r efLIency was calculated using the
following formlai

Pumping Ufficiency a-rery Outtit". x 100
-Z3rey input - Threshold energy

where all the energy values ar in joules.

4.1.S VX-4, L"jrA Flash Tgb. Cavitv (lark 11.

The first cavity using a linear flash tube is shown in
Ficure 8. The laser rod was supported in a glass tube which was
placed between two linear 300 FX-42 xenon flash tubes. The re-
flector consisted of aluminum foil wrapped around the entire
assembly. This cavity gave reasonable values for threshold and
pumping efficiencies. A graph showing input energy vs. output,
energy for various rods is given in Figure 9.
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T333630w MEABU1ZJM" or ca d ( +
LMu cRYsTuAL AT DOOM TZNIEA~el XN A

sample Dia* ent c v
l~ci Y~al Amaua

I b% Nd .250 1.833 4% D 4 3000 is2 .8% wd .390 1.950 4% D 4 "400 38.,73 .5% Nd .250 2.000 2% 0 4 3200 20,54 .5% Sd .250 3.00 4% D 4.2 2100 9.25 .5% Nd .250 2,00 2% D 4 2600 1957
6 1% Ed .250 2.00 1.51 4 2750 15.17 .9% Sd .250 2.,00 4% D 4 2700 13a .S% Nd .250 2.50 3,80w 4 2200 9,79 .8% Ed .250 2.00 5% Ag 4.2 3500 25.110 .5% Nd .250 2.00 1% Ag 16.7 2200 40.312 .5% hId .250 2.00 2% D 4.2 2450 12.6

13 .5% Nd .250 3.00 1% 0 4,2 2650 14.814 .5% Nd .250 3000 3.3%b 4.2 2400 12.1is a$% Nd .250 2.00 3*3%0 4.2 2500 1,3.116 .5% Nd .250 2.00 3*3ID 4.2 '2250 11.217 .5% Ed .250 2.00 2% D 4,26 3500 2618 *5% Nd .250 2.00 2% D 4.26 2200 10.319 .5% SM4 6250 2.00 25A D 2.2 2600 7.420 .3% N4 .250 2.00 3% D 4.25 2800 18,722 .5%.Xd o250 2.00 3% D 4.26 3600 27,623 .5% Ed .250 3.00 3% V 4,25 2400 10.424 S3% Nd .250 3.00 3% 0 4.25 2400 12,325 5b% Nd .250 2.00 4% D 4.20 2200 10.326 a$% Ud .250 2.00 4% D i4.26 2300 11.327 .9% Wd .500 .2.00 3% D 6.6 2700 3128 .3% Ud .250 1.50 2% D 4.26 2400 111929 .3% Nd .250 1.00 2% D 4.26 3800 30.630 3% lid .250 1.93 2% D 4.26 2600 14.431 .5% Nd .250 2.00 2% D 4.26 2450 12.632 .5% 3d .250 2.00 2% D 4.26 2500 13,333 .5% Sd .250 2.00 2% D 4.26 2600 14.434 .3% Ud .230 2.00 2% D 4.26 3200 21A635 .3% Nd .250 2.00 4,3%D 4.26 2300 11.336 .5% Nd .250 2.00 4,3%0 4.26 2200 10,337 .5% Nd .250 2.00 4,3%D 4,26 2650 14.438 .3% 39d .250 1.,50 4.3%D 4,26 2600 14.039 .9% 36 .250 3.00 4*3%D 2.15 2800 8.440 .9% Ed .250 2.,00 4% D 2.15 3000 14.041. .5% Nd .250 1.00 4% D 2,1%S 4200 19.0
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T.M.r,.1

(Continued)

8ample Dia. Lencgth C V Energy

42 .5% Rd .250 1.50 4% D 2.15 2900 9.0
43 ,5% d .250 1.50 4% D 4.26 3400 24
44 .5% Xd .250 2.00 4% D 2.15 3200 11
45 ,5% 3d .200 .1.00 5% Ag 4.26 4300 39
46 ,5% d .250 2.00 4% D 2.15 3250 11
47 ,5% 3d ,250 1.00 4% D 2.15 3600 14
48 .5% 34 .250 1.00 4% D 2.15 3400 12.4
49 .5% Nd 125 1,875 4% D 2.15 3200 11
50' .5% d 1 .500 2.00 4% D 8,6 2600 29

UNCLASSIFIED
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TMZ8BOZLD IA"=U W O•10 0 DY3W MLASS
LAM CRYSTALS AT WOM 1=NPUM¶Z1 ZN A•z, CL CAVZTY7 (1'T524)-

Sample Dia. Length c V Inergy

1 .2% Nd .250 2.50 1,4%Z 25 2800 98.02 .5% Nd, 250 2.00 4%D - 9003 .5% "d 250 ..2.00 , : - - 850
4 .5% r .250 2.00 4% D 100 3400 5785 ,5% ud .250 2.00 4% D 250 3400 14456 5% 3d .250 2,00 3,80- 16.9 3300 927 .5% Nd .250 2.00 3.8' 50 3100 240a .5% 4d ,250 3.00 3,4%ZD 50 3400 2899 .5% Md .250 2.00 3% D 8.6 5000 10810 .5% ud ,250 2,00 3% D 8.6 4500 8711 .5% d .250 3,00 3.31D 50 3100 25212 ,5% 34 ,250 2,00 4,3wD 120 2900 50s513 .5% Nd .250 1.00 4% D 120 3000 540

UNCLASSIRED
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THRZSHOL13 NUABURINZUTS OF RUBY LASER CRYSTALS
AT ROOM TZMPRATURZ IN A HELICAL CAITY. (17524)

'Sample Dia. Length C V Energy
No- Doina Inches Inches %T ot

1 .05% Cr .250 2.00 4% D 250 3800 1800
2 .05% Cr .390 1.95 8% D .250 .3800 1800
3 .05% Cr .355 2.88 3.5%D. 250 4100 2160
4 .05% Cr .250' 3.00' 4% D 120 3600 886
5 '.05% Cr .250 2.(Jo 4% D 120 3500 735
6 .05% Cr .250 2.00 4%- D 240 2500. 652

UNCLASSIFIED
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The following efficiencies were calculatedt:

Ruby (ground a.d.) 0.085%
Ruby (polished o.d,) '0.13%
CaNO (Nd3 +) (ground o.d.) 0.988%

4
The linear arrangement shows a factor of four improvemient

in efficiency over the helical cavity.

Utilizing this information it was decided to design, build
and test a linear cavity with more controllable parameters. The
cavity (Mark~ 2) consisted of a 4 inch internally aluminizod cylin-
der with a center-to-center distance between the flash tube, and
the laser rod of .400 inches, The laser rod was supp-~rted by a
glass tube.

J .16 Threshtild and Enrcry Data for ffAr 2 FrX--42 CAvity

3+ Threshold data are given in Tables 4, 5, and 6 for CaNO4

(Nd, Nd doped glass and ruby.

4-1-7 Analysis of Data Obtained wihteF-42 Cavity

3+From the data given in Table 4 for CaWl 4 (Nd ) a man
value for the threshold energy of 4 joules was calculated. This
is a factor of four better than obtained with the FT-524 cavity.
For data given in Table 5 for 3d3 + doped glass we compute a mean
laser threshold energy of 106 Joules, which is a factor 4.5
better than that obtained with the FT-524 * For two samples given.
in Table 6 for ruby we get an average threshold energy of 370
joules, which is a factor of 3.1 better than that obtained with
an IT-524, Thiseras iiý 'hreshold was also. e~vident in quality
control data from a large number oZ laser rods which were tested
in eacha cavity.

4-1-8 Mark -3 F-X-43 CavitX

An improved version of the rY-42 linear flash tube cavity
is shown in Figure 10. This cavity had the following advantagest
easy access to the laser rod and fl.ash lamp and reproducible
positioning of the laser rod to I to 2 milliradians.

The accessibility sea provided by spl itting the cavity a-
long the plane of the laser rod and flash lamp. This does not de-
crease the cavity performance because the radiation fro the cut
out portion does not reac.h the laser rod. The upper half of the
cavity io reposition.-4 with respect to the lower half of the
cavity by the use e~f owel pins.

UNCLASSIFIED
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THRESH.OD MIHAURIZMsT OF Ca)f (Nd3+) LASER
CRYSTA.LS AT ROOM T•I.ATUR-Z N A LZIN]
CAVITY (YX-42) - CRYSTAL IN GLASS I 9ZLD.

Sample Dia. Length C V Enorgy

1 .5% Nd .250 2.00 4% D 2.15 1900 3.9
2 .5% 3d .250 3.00 4% D 2.15 2000 4.3
3 .5% 3d .150 2.00 2% D 2.15 1875 3.8
4 .5% 3d .238 2.00 4% D 4.26 1350 3.9
5 .5% 3d .238 2.00 4% D 4.26 1300 3.6
6 .5% 3d .250 2.00 4% D 4.26 1500 4.8
7 .5% Nd .250 2.00 4% D 4.26 1300 3.6
8 .5% Rd .250 2.00 4% D 4.26 1350 5.1
9 .5% Nd .250 2.00 4% D 4.26 1350 3.9

10 .5% Nd .250 2.00 4% D 4.26 1150 2.8
11 .5% Nd .250 2.00 - 4,26 1250 3.3
12 3d .250 2.00 12%". 8.60 1000 11
13 3d .250 1.50 4% D 8.60 1000 4.3
14 Nd .25 2.00 1% D 4.26 1200 3*1
15 .5% Rd .250 2.00 4% D 4.26 1200 3.07
16 .5% Rd4 .500 2.00 6% D 4.26 1900 7
17 .5% 34 .062 1.75 6% D 2.15 1800 3,5
18 .5% Nd .250 1.00 6% D 4.26 2200 10
19 .5% Nd .250 1.00 2% D 4.26 2200 10
20 .5% Nd .125 1.00 4% D 4.26 1600 5.5
21 .5% 3d .116 1.00 4% D 4.26 2000 6
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TRUE HOLD IASt1RZINTS OF XXODIHIUMX GLASS
AT ROOM TZXENEATUR IN A LINZAR CAVITY

(IFX-42) CRYSTAL 1N A GLASS SHIE._

sanmpli Dia. * L.ngt• C V Enorgy
No. Dopina jnccgu Ii1o _A Vols Sam

1 2% Nd .250 2.00 1% D 240 1200 173
2 2% Nd .250 2.00 1% D. 120 1200 86.5
3 2% Nd .250 2.00 4% D 120 1000 60

TRUSHOLD MABUMRU"TS OF MUDY AT ROOM
TEMERATUR IN A LINIPR CAVITY (PX-42).

CRYSTAL IN A GLA SHIELD

Sample Dia. Len.gth C V Energy

1 .osjr .250 2.00 4% D 240 2100 530
2 .05Cr .250 2.00 4% D 240 1400 275

UNCLASSIFIED
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SLIGHT LASER

SOURCE RO

IVqur. 11. Ray Tracing for Cylindrical Cavity
with cloge spacing
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Figure 12. RaY Traclng for Cylindrl.el Cavity

uth large apeelan
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The laser rod was held in place by means of "V* blocNA and

spring clamps. The original spring clamps consisted ot two ;hoe-
phor bronze strips about 0.118 inches wide. In order to reduce
the shielding produced bytese clamps, they were replaced by .020
-inch wire clamps, and the "V" blocks were ground down to reduze
the shielding.

The inside diameter of the cavity was 4.00 inches and the
center-to-center spacing between the laser rod and the flash lamp
was 0.50 inches. These' dimensions were determined by a ge=ctrical
ray trace analysis. Examples of this trace are shown in Figure 11
for the case of small center-to-center spacing, and in Figure 12 for
'large center-to-center spacing.,. In general it was found that large
cavity diameter relative to the flash lamp and laser rod diameters
and their separation produced the highest value of optical coupling.

4.1.9 Threshold Data Obtained with Mark 3 Cavity

3+ 3+
Table 7 gives threshold data obtained for CaWo4 (Nd ), d

doped glass and ruby. These data were obtained for various produc-
tion rods made and tested at Isomet' as well as for the standard
laboratory stock of test lasers.

The Nean threshold energy for the three CaWO4 (Xd 3+) laser
rods was 4.0 joules. The single Nd doped glass laser rod had a
threshold of 14 joules. This was the lowest threshold found for
an Nd doped glass rod. The two ruby rods had an average threshold
of 445 joules. The elimination of the glass tubing should yield a
slight decrease in the threshold energy requirement.

4.1.10 Effact of Using an FX-38A Xenon Flash Tube Instead of
Lhe rA-42

Zn the optical ray trace analysis of laser cavities, it be-
cam apparent that the diameter of the flaish tube should be equal
to or smller than the laser rod for most efficient optical coup-
ling. The smaller the diameter of the flash tube the better the
coupling.

Data taken using the 1X-3M flash tube is given in Table S
for Ca 4 (Wd ) and ruby. The uby rod had a threshold of 173
joule:, while the same rod had a threshold of 308 joules with the
FX-42 flash lamp. This is an improvemont of 1.8 in threshold.
The CUMO (Nd3+) data give a mean value oi' 2.2 Joules for laser
thriesholl and a mtinimium threshold of 1.5 joule. was obtained.
This would indicate a factor of 2 improveiment Oer the 1X-42
in laser threshold energy.
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THIZSHOLD NZA8UUMb~j=TS 0F UZSHZZLDZD RUDY,
3U0D~>4ZX GLASS AND CaW04 (Nd 3 +) CRYSTALS AT

NOONT~?K'T~m. 1-42 PLAIW !!JBR.

sample Dia. Length C V norgy

1 .5% 3d .250 2.00 5.3%D 8.6 1200 6
2 1% Nd .250 -2.00 4% D 2.15 1800 3'
3 .5% Nd .250 2.00 4% D 2.15 1800 3

1 .5% Nd .250 3.'00 4% D 8.6 1800 1A

1 .Sr .250 2.00 4% D 16 1950 30a
polished O.D.,

2 .O5:r .250' 3.00 2% D 240 2190 - 560
Polished 0.D.
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TII3ZSHOUD NZABUS•UMSrT 0 1ISHNZLDRD i.UlY
AND CaW0 4 (Nd 3 +) CRYSTALS AT ROOM

'2",P2,','1" . YX-38A ZASR 1TU14

Sample Dia. Lenqth C V 9nergy
Doning 7nhas Znch sL Volts joul

1 .5% Nd .250 2.00 4%D 8.6 900 3.0
2 .5% Id .250 2.00 4% • 2.15 1300 1.8

Pol. 0. 0.
3 .5% Nd .-5o 2.00 !;.5", 4.26 1300 3.6
4 .25;Nd .125 2.00 2% D 2.15 1200 1.5

1 .051•r .250 3.00 4% D 16 1450 173
pol. 0. D.
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No data on energy output versui input energy has been taken

for the Px-38A flash tube arrangeaent. Rowever, theoretical studies,
and projection of the analysis of results of the comparison between
the linear and helical cavi-ies would tend to give an Lmpzovesent
in pumping efficiency of 2 over the FX-42 or pumping efficiences
of 3% for CaW04 (Nd 3 +) and about 1% for ruby.

4.2 --S wtnchhd La mers

4.2.1 O-fwL~hLsr;av/

Q-ewitched "giant" laser pulses are produced by rapidly
changing the Q (quality) of the cavity from a low 0 state (char-
acterised by high losses) to a high Q state (where the lose rate
is low), while the laser ceystal is beinq optically excited. By
this means the laser crystal can be pumped to high levels of in-
version (where the excited state population is greated than the
terminal level population) under conditions of low cavity Q. Then
the 0 is suddenly increased, the stored energy can be release•j
a *giant" pulse. This effect has been demonatrated in ruby
and in neodymium doped glass (lb) where peak power in excess of 30
megawatts have been produced in both systems. 0-switching has
also rjyjgtly been demonstrated for neodymium doped calcium twng-
state •"" This technique can be used with any naterial that ex-
hlbit normal oscillation, provided the excitation is accompli£•hed
in a time that is short compare to the normal fluorescent life-
time of the crystal. The amount of energy available in the pulse
is dependent on the degree of inversion and the cavity losses at
the time of 0-switchinq.

Yor exam le, aeuymium in a host lattice ot glass oscil-
latps by absoating energy in three main absorption bands at 28,000
cm , 18,000 cm 1' and 12,000 cear and then falls by a radiation-
less transition to a level at about 11,400 c- 1 . Laser oecilla-
tion occurs by emission from this level to a level about 2,000
fa- 1 (shoyn in Piige 13). iLnce the terminal laser level is
2,000 cm7- above the ground state, it ii relatively unpopulated

15. "Characteristice of Giant Optical Pulsations frou Ruby*-.J.
McClung and R.N. Hellwarth, Procoodinqo of UN! - Jan.1963 p,46

16. "leodymium Glass Laser Quantum Blectronics Confereneo, 1963
Paris - X. 8nitser

17. D. Karlsone & T. Falvey, "Q-4witched CasO4-U1d3 Laeer* J. Appl.
Physics, Vol. 34, o.. 11, 1963 p. 3407
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even at room temperature* This moans that inversion can occur
with low input power compared to three level laser system, such
as ruby, where the terminal laser level is the ground state and
more than half of the ions have to be pumped into the excited
state, A further ad-eantage of Nd crystals in that the main ab-
sorption bands are sufficiently close to the laser excited level
that heat generated by the radiationless transition to the excited
level is smaller than in other systems. In addition, neodymium
in calciu tungsm and glass ban a fluorescence quantum effic-
iency close IQ 1•' compared to ruby witý a quantum efficiency
of about 0.6(19). ,

One of h*e major considerations in the design of a 0-switch
system is obtaining the necessary switching speeds. Figure 14 is
a&graphic representation of the timing requirements. At to the
flash lamp is ignited. As the cL.ystal is pumped, a degree of in-
version is reached at which the crystal could oscillate if the
cavity 0 were high ff()O)o. The degree of inversion continues
to increase to a maximum f(N)l#, (where f(N) is a function of the
degree of inveredorl. When this point has been reached, to, the
aperture is lined up with the crystal and oscillation occurs, The
maximum energy obtainable is that represented by f(Y)l-f(N)e. As
is shown in figure 14 there is a time after ts during which no
oscillation occurs, This is the time required for the pulse to
build up and is about 150 nanoseconds. It has been shown(l) that
if Q0switching is done at rates slower than th.'s build up time,
multiple pulses can develop.

At present 0-switching is accomplinhed by mans of Kerr
cells, PIock•e• ulls or mechanical Q-switc),es. The latter con-
slat of rotating total internal reflection prisms or mirrors with
optical "speed doublers" or other optical devices which increase
the effective switching speed. All of these devices suffer from
limitations. With a Kerr or Pockels cell polarizers must be
introduced into the cavity or other means found to polarize the
lamer beam. This introduces optical insertion losses and optical
alignment difftcuities. A further disadvantage is that for Kerr
cell switchi,., up t, 1/3 of the energy can be lost by c:n'*;:zi
from the main laser frequency to R.man frequency light by the
nitrobenzene in thu Kerr cell. As far as rotating priews and
optical "speed doublers" are concerned, they introduce alignment
problems and insertion losses in addition to increasing the opti-

11. "Chat. (.:Jcs of CaWO4(Nd 3 +) Optical Maser" - L.F. Johnson
,V2 .onics Donfeorence 1963 - Paris

19. %4o,6t MAte!a-itl and Devices -A Research Report," R.D. Waun,
•le•.ro-TochInology, September 1963. p. 67.
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12,0- 11,400 Metastabi. state

I\

2,000 Teriminal state

Fi\uzo 13. Your level laser
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cal path length of the cavity and thereby increasing the pulse
width. Zach of these techniques has been critically examined.'
A mechanical chopper-telescope com~bination has been developed
that offers high efficiency and reliability,.

4-2-2 Damaoe to Ontleal Xlemant&

The high peak power developed in 0--switching produces ex-
tremely high per densities that can lead to the destruction of
mirrors, reflective coatings and optical elements. It is planned
to overccmw this problem by the use of a proprietary technique
developed at Isomat that employs the use of optical elements
within the laser cavity to increaso the laser beam diamater. This
technique, in addition to providing mode selectiani, distribu4tes the
high peak power from the laser over a larger area thus contributing
to a marked increase in life expectancy of the system.

J;_2_3 Xerr Cell 0-Switching of Ruby

4.2.3.1 Zxperimental Arrangement Used in Kerr Cell 0-

A sibhematic drawing of the expisrimental arrangement used
in this series of experiments is shown in Figure 15. The laser
cavity was of the PT-524 helical flash tube type. With this cavity
the threshold for the ruby laser rods ranged f.~ 694 to 1200 Joules..
The polarizer consisted of t Nicol prism. The Kerr cell used in
t-hese experiments was a Kappa Series 8 using nitrobenzene, as the
working fluid. The cell was anti-reflection coeted for 6943A. Kin-
iou. transmission occurred at 31 kilovolts. The Kerr cell was
pulsed by a XV-27 low inductance thyratron, and pwred by 34 KV'
variabla ~'r su-pply.

A.2-3.2 lxyeriinntal Rsunita Obtained

Considerable problem were encountered in using the Kerr
cell as a 0-switch.' Initially, voltage breakdown and corona dis-
charge Produced inconsistent results, More insulation was added
to the pulser eliminating most of the breakdown problem.

The 0-switch still petformrl poorly. Mesa red output pul-
sea of several hundred KK were produced. An open to closed trans-
mission ratio of only 7.5:1 was obtained, utidh explains to acm*
extent the poor performance as a 0-switch. tor high performance
it would be necessarr to us* ultrapure nitrobentene and sore
eificient polarizer., and to anti-reflection coat all surfaces.
The uses of Drmtar angle ends on the ruby would also help to in-
crease pwr output. At this time it was decided that a mechanical

UNCLASSIFIED
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Ruby O-Sitched Output
1 microsecond/ca

Figjure 1•
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0-switch would provide more reliable operation at higher peak
powers, ard no further work wit) Kerr cells was ca.rried out.

4.2-4 Mecanical 0-switch

A mechanical 0-switch wao fabricated using a 17,500rp
universal wound motor driving a 900 prism. After same Initial
aliginmnt problems excellent performance of this 0-switch wes
obtained.

4,2.4,1 Nxperimsntal Arrangement Us"d in Mechanical 0-
Evitchina

A schematic diagram of the mechanical Q-eswitchinuj setup
is shown in Figure 16, whiile Figure 17 shows A photograph of
this arrangement. The cavity utilized an ROG PX-42 xenon flash
tube with a glass tube to euppe-t the la-ser rod. The motor speed
was 17,500 rpm. The prisms used were 900 TZI (total internal ref leo-
ting) * Zn smer of the prisms the roof edge was polished to permit
monitoring the output on both sides of the cavity. A phototransis-
tor and a small light bulb were used to fire the flash lamp. The
output from the phototransistor was fed to an Abtronics Model 200
two channel time delay generator, in order to vary the time when
the flash lamp was fixed so as to s"cure the maximum output.

424 .3x~1!Ina1 tsnits

Figure 18 shown s mpiote7"ph of a typical output pulse
resulting ftam 0-ewitching with an input energy of 975 joules.
The trace was taken with an 30W SD-100 Photodiode as the senaov3
The devoy time of the pulse Is limited by the interconeoctinq
cab~le cepecity. The calibration of the photodiode gave a sensi-
ýtivity at the ruby wavelength of 0.55 x 10', v/watt. The diode

UNCLPAUSSIFRIED,
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CaWO :Nd -NortA I Laser Output,
*5 milros~cond,/cm

CaWO :Nd - Q-s-aitched Z.--sor Output
1 10 mdcro94mccn41/cm

Figure 1). pifn js c. f CaWo', (lid 3 ) bVo
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was located at a wrking distanc, of 6 inches from a ragnesium
oxide reflector having a reflectivity of 0.92. The peak output
power was calculated to be of the order of 7 megawatts in a single
pulse. lame difficulty was encountered in making these measure-
ments because the oscilloscope used wea rise time limited. It is
likely that the pulse voltage was actually greater than shown in
the photograph; the output power would accordingly be greater than
7 megawatts.

4.2.4.3 Attmot.d o.-5wtchir of caleium pnat-ata (Nd3 +1

Attempts were made to 0-switch calcium tungstate. The
metastable state lifetime for CaWO4 (Wd3 ) is much shorter than
that for ruby so that any errors or variations in timing caused
large changes in the output pulse amplitude. At the rotational
speeds of t%.e 0-switching prim, a timing accuracy equivalent to
2 of prism rotation were required. The setup did not have this
dogre. of precision. Figure 19 is an illustration of one of the
Q-switched outputs. For comparison the normal laser output is
also shown. Quantitative data could not be obtained because of
timing Jitter.

4.2. # Second Harmnie Generation R A LLr4• s

Using FMW as second harmonic generation material, some ex-
periments were conducted on second harmonic generation with a
mechanical 0-switch and a ruby laser. The results were inconclu-
sive, since the high peak power of the laxer resulted in the des-
truction of the crystal.

At this tims very promising results were obtained with infra-
red stimulable and iAfrared emitting phospwOrs n Since an =I-=R
system is more efficient than a rV-ZR system (because an energy
loss of at least five in harmonic generation is avoided) it wae
decided to discontinue second harmonic studies.

A series of experiments wer. performed to determine usa
effect of 0-switched laser beans on optical elements. In each case
a focussed ruby laser beam of approxi-ately 7 megawatts peak energy
was directed into the material. The following results were observedt

a. Lucite block - Showed bubbles where laser beam vent

52 :i
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through.

b. IMP - $hoved bubbles and fracture marks where beam
went through.

c. Prism - Surface pitted by beoa.

d. Cemented Positive Achromatic Lens .- Cement destroyed,
glass pitted at exit side.

e. Dielectric coatings - Destruction after one or mre
laser pulses.

4.2.7 High Reootition ]ts Lasers

Many lasers have been operated continuously. Solid State
crystal lasers such as asodymm doped calcium tungstate can be
operated continuously at room temperature, if water cooled (18,20)*
Calcium tungatate, ruby and other materials have been lased can-
tinumesly at liquid nitrogen temperatures(18). It is, thervofore,
.-sasznabla to eA...t that a laser such as CawO4 (3d3 ,) can be pilsed
at a high repetition rate provided that an efficient cavity and
cooling are used and a high rep rate efficient pump is available.
This, fortunately, is not an insurmountable problem.

Considerable advances are being made in flash lampe. In
the pest six months the average flash tube powr has been raised
from 20 watts for an 1X-38A a"d 60 watts for an FX-42 to 4,000
watts for an F1-62. The FX-42 and 7X-62 are almost identical in
optical dimensions. The rX-62 can be fird at 50 pulses per second,
while the PX-42 has a maxim rep rate of one per ten seconds,

One prom1sLnq direction being developed at !snomt Involves
the use of a sodium vapor lamp as the pump source. Figure 20 shows
the absorption spectra of Xd 3 + and the emission spectra of sodium.
Numerical computation indicates a possible 50 fold improvement in
pump efficiency.

4.2.8 Tbarmal .eating at RLih Roa R•tes

The temperature rise for xenon puming can be computed for
the following conditions:

a. A water jacket is us" to eliminate the infrared rad-
iation.

20. L.F. Johnson, G.D. Boyd, X. Nassau and 3.3. Soden. Continuous
Operution of a Solid State Optical Maser.0 Phys. Rev. LZ.L1406
(196:S) .
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b. 70% of the radiont output of the lamp is focuamed at

the crystal, as a result of high coupling efficisacy
in the cavity.

c. 8% of the energy focussed on the crystal is ab•orbed
by the dopant with a quantum efficiency of 100%.

Hencet

Temperature rise -h , rMy Absorbed
Volu= x density x specific heat

10 .0 0.7 w(.24
2.3 x 6.06 x 0.104

- O.'09C/puls',

Although the temperature rise is mall, at 50 pps this corresponds
to 2.1 cal/sec.

The cooling requirements can be ostimated from the conduc-
tivity equations

dt dx

haere dQ/dt w rate of host transfer
x a coofficie,.t of, thermal conductivity
A a area

- temperature gradient

Assuming a rectangular cross section laser rod the estimated ther-
mal gradlent. will not exceed 300 above ambient. Usain air as the
coolant 3 cu ft of air/minute will Limit the temperature rise at
the surface to 0.5°C above ambient. This is sufficient cooling to
keep the laser oscillating at a high level. The computed max ther-
mal gradient is not high enought to seriously strain the crystal.

A photometer ws constructed and used to measure the in-
frared mission for all of the phosphor samples. A sketch of this
basic device is shown in rigure 21.
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The field lens was adjusted so that the device exhibited a rela-
tively flat sensitivity curve at a function of angle of source for
the three degree field. Therefore, aiming of the phototer was
not critical.

The sensitivity of the photometer, was found to be 0.48
volts per microwatt of incident light of wavelength 1.06 microns,
The spectrum of a calibrated incandescent lamp was filtered by a
IMP crystal and an Xsome '718-3 interference filter.

The detector r a PbS cell with a rated detectivity of
9 x 108 watts-u (cps) and is capable of m asuring radiation
power densities as low an 5 x 10-II watts/-

UNCLASSIFIED
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4.4 Phoutor Stu.,qien~

4.4.1 ph~e~or PrenarpA•_tou

4-4.1.1 0210torAtv P:MOra

Initially a eriaes of phosphors were prepared and eksmined
for emission in the infrared using a 3470A excitation source. The
phosphors wax prepared by mixing a quantity of the beot (such as
ams or Cda) with a few al of a solution of the activator ion. A
small quantity of slad ws also added. The suspension ws dried
pulverized and fired in air in an aluminu oxida crucible at 900°C
for ca= hour. Table 9 shows a list of phosphors that were pre-
pared in this arnner. Cda(Cu.Tl,Cl) and CdB(Cu,Tb,Cl) were found
to be useful phosphors with strong infrared emission. The Iother-
phosphors in Table 9 did not show any infrared emission within
the range of the detector, (1.3 to 2.6 microns).

Another series of phosphors was prepared in a similar mamn-
ner but was examined for infrared emission wdien excited with 1.06
micron radlation. Table 10 lists the phosphors prepared along
with th-1 relative radiant efficiency.' Cd9e wso found to be a
promising boat.

"The high radiant efficiencies displayed by thes, ZR stimu-
lated and ZR emitting phosphors, along with the highly efficient
1.06 micron laser excitation source made possible by CaI 4(Nd3 4)

or neo&yiium glass, prompted a dc~ision to concentrate efforts on
ZR-ZR phosphors. Mns, end CdO and CdS. &djid with various heavy
metals were selected as rceimsing prh_%s.--'_r syzt=--. Cazx4u1
preparations and studies wre -mde with these materials.

Mi M
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1. I (kn,Cd)ga*Cu
2. 2 CawO4(Nd) 02
3. 3 (ZnCd)S,CuLisClJ
4. 4 (Zn,Cd)StCutmaCl3

5 CdgtCu:TlCN&Cll
6. 6Cd8sCuiTl(NaClJ 1.2%

7. 7a CdoiCua:?l(.1l~tmaCl1
S. 7b CdsiCu:Tl(l) DiaClJ
9. 7c CdS.Cuslb(0.I)0KaClI

10. 0 Cds#Cu:SnDfaclJ
11. CdS ICu sCo ~aC 11
12. SOhd ICU saczi Daclj I
13. ftCdSiCu:Tb(.OS) (MaCli 1.4%
14. 9 PbtiAqtThD1&ClJ.
15. 9. Fb:tCu:ThCNaCIj
16. 10 Cdsi:Aq Dfac I
.17. 10a CastAqiTb(msCi)
Is. 10b CdStCusTh(XaClJ
lip. 11 bsmICUlAlfmaC1J
20. Ila 3ha: cu co DWcI I
21. Ilb C4B:3na8cuiTh(Mracll
22. 12 CUB:Tb(NAClJ
23. 12a cue IAg Drac 11
24. 12b cu:CiaI:BlMc1)

g o UR Output observed
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LIST O POTrUIZALLY USNIUL

Waople No. Composition' FirJ ng Relative
Temp. 0 C Radiant

____......____________ ________ N fieianey

1 Standard Cd8e:Cu1Zzn 1000 .01WlO
2 14a CdS.aCu:DyiiaClI 600 . 0020
3 14b CdSe:3 An aCI I 800 .0037
4 16 CdS:Cus ZznaCl) o00 .004wj
5 17 Cd8. :Cu:Z InaC 61 Boo00 .0076
6 170 CdSO ftn (ac I 6oo00 .0054
7 17b CdB.e i Mn :Dy DaC11 6oo00 .0032
8 17C CdS*:)t:n: In (NeC 1) 600 .0040
9 18 *Cd(S*., )' IZIn: Cu LXaC1 1 700 .0340

i0 18 OCd (#*, 3) Zn g Cu IDy [MaCl 700 .0400
11 l8b CdS:ntCui iacli 6oo00 .0100
12 19 Cd(e,8) Cu:Zzn:Dy: (MaCli 700 .0180
13 19. Cd (., 8) Cus Zn I Dy DiaC 1i 700 .0075
14 19b CdSe :Cu(C1)tZnsDy (isCl] 600 .0030
I's 20 ftd(fe,S)Cuit) 600 .00O5
16 20a *Cd(Se,S)Cu:Jn 700. .0050

*Ss:S ratio a 1:1

S r6 I
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'Your particularly good infrared emitting phosphors "ere:

prepared. Two of these were tested and found to have high radliant
efficiency when excited by 1.06 micron radiation. The other two
phosp~hors were prepared too late in the program for evaluation,
but are considered to be promising by analogy. The preparation
of those phosphors is as follows:

£412. Ca~iM ul-fide (AaMV fSAEDinnl V-41

a quantity of 7.3 grams of Cd2, 1 al1 Of 0.01 X AgUO3 (10-2
IMMOI), 1 01 Of 0.01 X N4V03 (l0-2*mle) and 6.1l of water were
mixed to form a paste. After drying for three hours at l.200C, the
product was ground in a mortar and pestle end 3.5 al of water addsd.
The mass wae mixed well and refired at 950 C for three hours in an
a28 atmosphere. After cooling to room temperature the product wae
reground and then refired for 1.5 hours at 9500C.

44.12.2 Caii~mSulids f(CUMv Isml Y-11I

A quantity of 14.5 grams of Cda (0.1 mole), 2 al of 0.01
X 284 '1 (2 x 10-2 inole V), 2 al of 0.01 X Cu(N0 3 )2 (2 x102

mole Cut and 7 cc of water were mixed and dried at 1200C for three
hours.''The material was then ground to a Lint powder ina a mortar
and pestle. A quantity of 0.3 az of 1 NK Cu(MO3)3, 0.3 cc of 0.01 N
WR4V0 3 and 5 cc 320 were mixed with'the dry Cdl and the u.?xture was
dried at 1200C. The dry phosphor was than fired in an M22 Stms-
phere at 9500c for one hour. The product weo cooled to room tem-
perature, ground to a fine powder and r~pfired at 9500C for two
hours.

L.2.21 Zing Sulfide fpuAI tAUM1. Y-!b

A quantity of 9.7 grams (0.1 mole) of Zug, 2 al of 0.01 N
XR4VC3 (2 x 10-2 mle V) and 2 al of 0.01 K Cu(903)2 (2 x 10-2
mmle Cu) were mixed to form a slurry, which was then dried at
1200 for three hours. The product wes ground in a mortar and pes-
tle and 3.5 al of weter were added to give a thick paste. After
dryiz'g at 120 0C the powder wes fired in an 1126 atmsphere at 9500C
for one hour. After cooling to room temperature the product was

reground to a powder and then ref ired at 11000 for one bour.

61
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4.4.1.2.4 te4m lua tlanide

A "erise of CdSe phosphors were prepared to determine the
effect of preparative technique on the miassion. General Xlectric
Cmpany electronic grade Cd*e 118-6-4 was uniformly mixted as an
aqueous slurry with Fisher Certified CU(C22 30 2 )2 .320 and Vairmun't
ChemLcal COa Zn(PI) 3 )3. The aqueous slurry wes ov.6a dried at 1250 C.
Cu and Zn were present as 0.02 mol., percent and as 0.09 mole per-
cents

Zn the aimpler preparation, the oven dried Cd2. was packed
into a quartz crucible, c.vered and placed In a largez quartz cru-
cible filled with fired Ing and covered. Ths wee fired in a
muffle furnace at 10000C for one bout and then air cooled.

The CdSe we also fired in an atmosphere of X32 9 and 92
for ome hour at 10000C. The CdSe wea packed into a mall quarts
tube ea*led at one end. This tube was inserted into trie far end
of a tapered qu"rt. combustion tube which extended through two
Nevi-Duty Ilectxic Co. furnace*. A quarts boat with ASAICO Se,
99.999M pure so we stationed at the near end. The combustion
train wes purged wdth latheeon ultrapureo ydrogen at room texpera-
ture and then Inserted Into the furnaces under R2 flow with its
Cdte and Se porticon naintained at 10000 C and 500 C, respectively-,
for one hour. The tube wes cooled to room tmperature In Its at-
nosphere of hydrogen, and then opened to the atecsphere.

Zn another group of phosphors, 50% of the Cd~e w•es substi-
tuted by an equal mount of •A electronic grade C68 33-C-291A.
I&.e f..xaulatLis were doped, dried, and fired under the conditions
outlined for the CdSe phosphors.

64I
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4.4.2 Phoanr Ter and AU

The phosphors have three characteristics of particular In-
terest: the exciting spectrum, the emitted spectrum, and the
radiant efficiency. The important absorption peaks of the phc:sphor
should match well the emission wavelengths of the laser excitation
source. The latter in the case of ruby is well knnon - 6943A with

b bandwidth of less than IA. Th* emission spectrum of the phos-
phors were measured whenever posnible. The phosphor efficiency,
perhaps the .most important of the three, was measured oaragully
and accurately.

4.4.2. • Samole Crea•|ratin

The sample phosphcrs were mounted on index cards. The
cards were first coated vitn adhesive by using double backed ad-
hesive tape. !he phosphor samples were ground to a powder and
than sprinkled on the adhesive. In this manner, the phosphor
wee spread on a flat surface in a fairly uniform manner. The ad-
hasive in no toy covered the maple, thus providing a direct
measurement of the phosphor effictsucy. no binding agents were
used that might interfere with the basic phosphor measurements.

4.4.2.2 U1traviout £•eiation

Ultraviolet '(V) illumination wea provided by a xenon
flash tube which produced an arc 1/40 In length and I re ii width.
The exit bole In the lamp cover wee covered by a pair of glass
color filters with a peak transmission at 360 aLllimicrons as sboweb
in Figure 22. This filter wee chosen because Its peak transmisei"n
is very €':e to the wavelength (347 miliLmicrons) correspondinq
0-n a freq--nn~ 4,Duble.2 outpuat ot a ruby laser, a proposed source
for stimulating UV phosphors.

The flash tube wee calibrated by means of a direct com-
pearison technique. A photodiod4 wee illuminated by the calibrated
Incandescent lamp previously used to calibrate the photometer.
The output for the known input wea recorded thereby calibrating
the diode. The calibrated lamp was then replace* by the filtered
"flash tube and the detector output wes again recorded. Nince the
photodiode exhibits linear sensiti-ity over the Intensity range
observed, the flash tube brighttess was determined.
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4.4.7.1 7ljrayiolat rhosahpr Md a

The ultraviolet phosphor measurements were made by illumi-
nating the samples with the calibrated source and detecting the
return signal with the calibrated photometer. The photometer
'aperture wee masked with a pair of color gtlss filters exhibiting
the transmission characteristics shown in Figure 23. These fil-
ters restricted the efficiency measurement to the infrared (XR)
region of -che spectrum and filtered out most of the exciting
light, allowing the re-easaion tc, be measured dlvectly rather
than as part of a sun of the bright illuminating source and the
naturally weaker phosphor emission.

The phosphor sample cards were assumed to radiate am per-
fect diffuse radiators. The range equations, derived in section
3 of txis report, were adapted for the short distances involved
in these test measurements. These equations were used to calcu-
late the detector output assuming a 100l phosphor efficiency.
The ratio of the measured to the calculated detector voltages wes
delined as the phosphor efficiency.

4.4.2.4 Infrared •e1tai~S~l, Eoura

The infrared phosphor excitation was supplied by an in-
candescent lamp, mounted in a parabolic reflector with an
accompanyinjg filter system. The filter consisted of a 5 cm
thick water filter and a colored glass filter. The transmission
characteristics of the filters are shown in Figures 23 and 24.
by using combinations with various cutoff color filters it was
possible to roughly determine the wavelength region of maximum
"eCitation efficiency.

The m excitation source was not calibrated since the
photometer could be and ws used directly, to compare the excite-
tion to the emission of the phosphor.

4.4-.2-4 -Irared Phosohor " jeaA• n=

The geometry of the XR phosphor measurements wew similar
to that for the WV phosphors. The phosphor efficiencv wee defined
as the ratio of the watts per square centimeter of brightness from
an emitting phosphor to that from a lossless diffuse surface. ThYe
former radiated a spectrum somewhere between I and 2.5 microns,

now#



chlrd* shee late hdteSame &pectrw as the lamp.Awhtine
car sevedas hediffuse surface.

The photomter was masked by a filter system capable of
transmitting all t?~.- re-emittea wavelengths but rejecting mill thelamp output'spectrum. Ult!A this filter in place, the Phosphor
emission was M0asured by the Photometer. The filtere were then
removed and tbe Phosphor replaced by an index card. The photometer
output for the exciting and emitting spectrums, in combination withknowledge of the filter characteristics led to a direct measure-

met of'the phosphor efficiency. The photometer filters consistedof a silico window and inttrference filters,* the combination ex-hibiting the transmission characterintics shown in Vieurs 25.

4..6 Phnr Was 4-an J122=r

It is necessary that the emission spectrum ,,f the phosphorlie within a useeble window in the atmosphere. ZY, in addition,the emission bandwidth is nairrow, then the signa l-to-i'oise can beImproved. The emission characteristics of promising phosphorsprepared by the Phosphor Group were determine 'd using the fluores-cene attachmnt for the DeckiAn DK-2A spectrophotometer. .Thedata obtained ser'ved not only to determine this usefulness of thephosphor, but provided information for guiding the phosphor devel-
oymnt work.

4.42 ~arat~zati ofSelffctid PoARkio

Figure 26, 27, and 20 show the infrared fluorescencespectra of CdS(AgV) ,ziS(Cu,V) and Cdse CCu.Xn). The spectraare fairly narrow. Aich is helpful In distir-Tiishing the returnsignal from background. Figure 29 show the fluorescence spctraof Cdoe(Cu, Zn) and CdWe-CdS(Cu,In), both for the sawe excitation
source. Zt is aften ttjiLt the Cd8e-Cda phosphor is more efficient.Fluorescence data on the CdZe uystem is not yet available, so thatit to difficult to full~y assess the significance of thee* curves.

The characteristics of the most promising Il-Il phasphorsare as follows:
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sECOr
1=91L 3witati Peak Emission Radiant Iticiewcy

Wavelength

Cd80(CuIn) 1.06, 1.17
CdSe-CdS(Cu,Znh 1.06 1.12
CdS(Ag.V) 1.06 2.13
MM8(CuV) 1.06 2.03 4.0
Cds(CU,-V) 1.06 .2.0 5.0

'*Not yet masured
4 .4.4 Y•i•ity of Phoslhorn

go tests were made to determine whetber any of the phosphors
had toxic properties. It is probable that Da vili prove to be
harmless; Cdt my be a problem. Animal tests wiii have to be per-
formed to determine the actual toxic harzard of promising phosphors.

4.4.5 1hon•)hor frm.inina/tion |etu...a"

A relatively mll effort was made on the p;lvpbor diLssmL-
nation problem. Since the types or compositions of suitable phos-
phors wre niot knovn, it was only possible to maks an Gxploratory
study. Both inorganic and organic phosphors vere considered.

The problem of dionsinating .an organic phosphor is consid-
erably easier, since the phosphor can be dissolved in a suitable
solveast. A resin or adhesive material can be added to the solution
to aid in the fixation of the phosphor to the individual. Dissemi-
nati•L of the liquid can be carried out by available disseminators
such as the AA AeT5-3 or the Army Interim Defoliant System.

A series of experiments were carried out in which # 2%
solution of an organic phosphor vie made in various resin solutions.
Polyvinylpyrrolidone homopolymers and copolymers of ethyl acrylate,
styrene and vinyl acetate wr, obtained from the General AniliLmo
and Film Corp. The co-woomer prasence tended to w•dify the
aqueous solubility, flexibility and tackiness o! the film. fte M
resins are available as emulsicns, alcoholic and aqueous solutions
and solids. All M resins that wotz formulated yielded good
films. They included Polectron 130, Polectron 430, Polectron £25,
K-1i FIW, 1-30 IVP and 1-335.
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A typical formlation consisted of?

0.5 g. alar-_phor 8'? solution
2.0 &1 Polectro, 130 (copolymer emulsion)
250 m& 120
250 a.. lsopropanol

Dlanchophor Is a ultraviolet excited phosphor emLtting In
the blue. Although not suitable as a marking agent, It served as
a convenieat organic test phosphor. The above formulation, hen
applied to skin, produced a thin film which hibLtod strong
f luoreocence.

Pormulations containing an Insoluble inorganic phosphor
eospzated out rapidly on standing. However, ballmilling restored
the dispersion icbh %Leldod fluorescent films when used before
oettlint occurred.

The Acrylold resins are pnlymsrs of the esters of acrylic
and methacrylic acids and can be obtained as solids, or dissolved
in organic solvents by the Rohn and Mass Co. The RhoplAn resins,
also usde by Bohm and Raos, are aqueous emulsions of acrylic
polymers ,with functional groups. These polymeric resins are re-
sistant to % ae and alcohol solvents and produce harder and
tougher films than the polyvinylpyrrolidone group. AcryloLd 5-42
and Uhoplax AC-33 were formulated with 1% phosphor and aqueous
isoprop•iol solvents to give films. On standing the phosphor
settled out rapWdly.

Aci/ic emulsions C,-300 and CL-304 and a copolyver Vinyl
Acrylic emulsten CL-222 were obtained from the Celaeose ,orp. For-
"-lsei-z' -. a px opaivd wLth those ** Uloioi to give f1ijm. It was
found that settling of the Inorganic phosphor in the following for-
msulation occurod slowly over several hours.

1.0 grins Sylvania 145
15.0 grams Cl-304
75.0 ml Isopropanol

The shawinigan Rel•ns Corp. furnishod Calve Polyviylace-
tate h -polymnrs and Copolymers as a solid, solution or emulsion.
The films obtained mare not as hard, tough or toter resistant as
the acrylic films._ Vormula tios mare prepared from Solve V-7
hompolymrand M olve C-3V-10 R1 C-5V--0 copolymer resins.
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sC r I n
The preparation of a stable, non-sottling liquid dispersion

of US, CdS or simlLar inorganic phosphors will require a deveirp-
ment study. It my be mote desirable to dispurse theose phosphozs
from a solid tyre disoeminator. Both approaches should be consid-
*rod.

4..S.6 Laser I~•a of PI~oanorn

A c•aU4 (ld3*) laser se used to excite a phosphor sample
card. The phosphor chosen was BmS(CuV). The return signal from
the phrtphor wes detected by the photometer and the ouLput dUs-
played on a Tektronix 555 dual bean oscilloscope. The results
are shor in ligure 30. An analysis of the data shows that the
return signal was of the order of magnitude predicted by the
previous photometer experiments with a filtered xenon flash tube
serving as a simulated laser source of 1.06 micron radiation.
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UFm TRACS: Lasr irrdiating Signa1 (1.06 Mirot• s)

W9UR TRAM. -Rtuirn Signal Frau Inactive Whit* Panel

Uvm TRAM: Laser Irradiating Signal (1.04 Microns)
ow RU3 TVAC: R•turn Siqnal Frs white Panel Coated With

Infrared Phosphor

Figure 30. CaWO4 (Nd 3 + bxcitation of s Phosphor
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SECRET
s- hIn/bARY AND C'OECLUS*e•

The analysis and experimental data show that the Xsomot
marking and detection system is feasible. A brief summary of tho
salient results and accomplishments follows8

5.A *~a~m •,Rmm~ap

Thoe sector poilt marking system is composed of a phosphor,
a phosphor disseminator, an optical transmitter and an optical
receiver.

5~.nl Pho rshr

Three Infrared emitting phosphors with characteristics
suitable for use as a marking agent were developed during the
studyl Cd 8 (Cu), Zn 2 (Cu, V) and Cd 2 (Cu, V). These samples
exhibited radiant efficiencies of two, four and five pecent,
respectively.

Ths excitation of a Zn. I (Cu,V) phosphor panel by a CaS4
(sd 34) laser, and the detection of the infrared omission from the
phosphor was successfully demonstrated in the laboratory and con-
firma the analytical analysis.

S -.L12 Di anlnjon Of PhoQAsbR

An exploratory study tos made of the problems of dissaeina-
tinq phosphors suitable for use as -er.'... agents. Considerable
further wrk is needed to develop stable, n•n-eet-l,-j lilid dis-
persions of Inorganic phosphors such as bS or CdFj, that could be
disseminated with disseminators alreedy developed. Zt may be
more desirable to dissAinate these phosphors in dry form.

.Si . On4~eaol Yranpinttaj

The only known means for achieving a beam of sufficiently
high Intensity with suitable collination is a laser. The various
laser ctarscteristics such as pulse repetition rate, optical punping,
laser peak power, optical damage, optical cavity, cooling require.-
mest, and type of laser material were Intensively studied. A lab-
oratory laser was built to help verity and optiAiae design concpts.
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A C8904 (Nd3*) or noodymium glass laser has been so.•e to
be a suitable radfation source for the airborne weapons system under
study. Wnits capable of producing one-half toane megawatt pulses
at pulse repetition :&teeup to fifty Pulse per second can be
reLtibly achieved.

An optical trenmitter for close on-ground covert In-
spection of personnel could utilize either a laser or a filtered
flsh . OntLamp l.Jeiv.r

A suitable receiver would have a catadioptric optical

system with a clear aperture of from s"a to ten inches depending
upon the application. The detector would be a photoo conductive
cell with a detoctivLty D* of up to 1012 cm (opa)) / 2 /watt.

The characteristics of the system were analysed in section
3. By combining the equations from the system analysis with the
experimental results, the charactriestics of a feasible otate-of-
the-art wepons system for marking and detection Can be evaluated.
A projection is also made of the system performance that can be
expocted in the next five years by a reasonable extrapolation of
the chartctoristiao of the critical system components.

Tue system parameters are given below with the calculated
system claracteris@tics I

K* a 5% efficient Ap - 200 =2
PP a 0.5 mgawatts 1012 camfps) 1 'wett

t 0 0. 0I a" 4/ll a S
0 w0.2 radian approx. 12°0 to a 1
* - 0.1 radian approx. 60 T a 10-6 sNc

De 25 o V a 300 knots

tia * o1300 foot
(v/N)n*x - 5 w-"l

ain 20 feet

These are typical numbers and show that the system is operable
from the dock to 1300 feat. The (VII) limitation mens that the
eystem is limitod to 300 knots at 100 fegti 600 knots at 200 feet,
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and so Linearly up to 3600 knots at 1300 feet. The path width is
20 foet at 100 feet and increases linearly with altitude to 260
feet at 1400 fo.'. Zit should be noted that the system works well
at any voeocLty below those stated, at lower altitudes the signal
to noise ratio is higher. lot a 300 knot aircraft the system
is operable anywhere frea 100 feet to 1300 feet.

An outstanding feature of the system Is the capability
that it gives a high performance aircraft, such as an P-104, to
examine a 200 foot vide swath of terrain at top speed from 1000
feet. This aircraft could also, wLth the same systim an& no
adjustments, slow doam to 300 knots and check out a 20 foot
awth from 100 feet up.

the projected system para4..ters are

ia0%efficient A a200 c=3
Oil a so megawettse 1013

t -. 005 sec. a s
0 a 0.2 red approx. 120 f4 a .1
* a 0.005 rad approx. .20 T a 10-7 sea
. a as m V a Mch I

S32,400 feet
(v ma - 11 (sea 1)

ma~in M 20 feet

no eV/I) value Is twice what it was previously., This
means the vehicle could operate at Mach I at 100 feet while
examng a auo toot swath. The unit will remain in operation
up to 18,000 toot altitudes. This system should satisfy most
mission requirements.

The values used for 0 and 4 can be changed to suit the
particular application. Increasing * and 4 increases the value
of the (V/)i) ratio and the path width, respectively. At the same
time those increases lower the system ceiling. The values chosm
as typical value, should not be considered to be limits.
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Th~j ~oof the aomot sector-point airborne mAr-
king and det'ction system is considered highly promising, and
warrants a substantial advmnced development program. 'labla 11
Indicates the logical sequance of phases and time scheduling required
to load to * final weapcns system. Phase I refers to the feasibil-
ity study described in thin report.

It is recommended that the next effort consist of two con-
current phases. Phase 2 comprises the design and construction of
a prototype to demonstrate the feasibility of the syse'. using an
operational aircraft. Phase 3 is a continuing research and devel-
opmnt effort desi*ned to optimise ".he subsystems and to improve
"the oavorall system capabilities. Phase 3 woulJ insure that the
state-of-the-art would be advanced while the prototype is being
built.

S......6.1 Gamrerl IPeaturea of_ Pro t.tv•

In order to demonstrate the feasibility of the system it
is proposed that a flyable prototype be built embodying the con-
cepts described above. This prototype will be capable of detec-
tinq marked objects or personnel in a search swath on the ground
from an aircraft moving at velocities up to 300 knots. This swath
will be approximately 80 feet wide at a 200 foot aircraft altitude.

6•.2 D.eaiad aych r�irs_ eg of Proaotvy.

Tho sirb-rne prctttypra ..±l& -.walt of three basic units:
the transmitter, the receiver and t.he cine camera. Those elements
are shown in the block diagram in Figure 31.

The transmitter will be a Q-switehod laser with a field of
view of 3o x 200. Its o-jtput characteristics will be adequate to
provide a detectable return from phosphors having an equivalent
area of 200 cam2 .

The receiver, which detectr the radiation emitted from the
phosphor, will consist of an optical system which will focus the
invisible radiation from the phosphor onto a photoconductive detec-
tot. The receiver sensitivity will be essentially limited by the
state-of-the-art. cpabilities today.
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Read-out for the pzitotyp4e will be provided by a 1l ma
cine camora boresited to the tr-.asaittor. This camera will provide
a pictorial record of the terrain under surveillance. It will
serve to correlate detected marked objects with the terrain being
photographed. Located in the cine camera will be a mall neon bulb
whic-h will be flashed each ,time a Lceturn is detected by the receiver.
This flash will illuminate a portion of the film• thus identifying
the frms which contain marked objects.

Auwliary equipment will consist of special power supplies
and electronai, equipmeont necessary for the operation of the proto-
type. This equipwant will be packaged so as to utilize existing
cargo tie-d*ws in the aircraft. Tackaging will be such that mini-
mum modification to an aircraft will be necessary for the installa-
tion of the prototype.

T!"e input power requirement will be approximately 1 KVA.
7t is expected that such a power level will be available from the
aircraft supply during flight, and from a gasoline-powered motor-
generator set. during ground check out and test.

S6 1 ,,ue. Uffort: •evo~d Phi•sem 2 bimd '

After the satisfactory Aamonwtration in the field of the
$Axmet marking and detection system, the information gleaned from
Sbhases 2 and 3 can than be utilized to design and build a high per-

4ormance prototype for flight tests and evaluation of the entire
-system. Successful conclusion of Phase 4 would then lead the way
to the production of operational weapon systems.
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